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We present a study of the spin transfer torque oscillator based on CoFeB/MgO/CoFeB asymmetric
magnetic tunnel junctions. We observe microwave precession in junctions with different thickness
of the free magnetization layer. Taking advantage of the ferromagnetic interlayer exchange coupling
between the free and reference layer in the MTJ and perpendicular interface anisotropy in thin
CoFeB electrode we demonstrate the nanometer scale device that can generate high frequency signal
without external magnetic field applied. The amplitude of the oscillation exceeds 10 nV/
√
Hz at
1.5 GHz.
Magnetic tunnel junctions (MTJs) consisting of two
ferromagnetic electrodes separated by a thin tunnel bar-
rier has recently drawn a significant attention due to their
potential applications as a high density memory cell1,2
and microwave electronic components3–5. DC currents in
such structures can induce steady state precessions due
to the interaction between spin-polarized electrons and
the local magnetization of the free layer (FL). This spin-
transfer-torque (STT) effect6,7 induces resistance fluctu-
ations in the MTJ which in turn generate an AC signal
in the GHz frequency range. Such STT-based nanometer
scale oscillator can be a competitive device to the exist-
ing LC-tank technologies used widely in high-frequency
electronics. One of the key issues of the spin torque oscil-
lators (STOs) is the ability to produce microwave signal
without the a need of operating in an external magnetic
field. In this work, we report on STO based on asymmet-
ric magnetic tunnel junctions with the thin MgO tunnel
barrier and the FL ferromagnetically coupled to the refer-
ence layer (RL) that are able to operate with no magnetic
field applied. To our knowledge, such operation has not
been published yet.
The MTJ stack with a CoFeB wedged shaped electrode
was deposited in a Singulus Timaris cluster tool system.
The multilayer structure consisted of the following ma-
terials (thickness in nm): buffer layers / PtMn (16) /
Co70Fe30(2) / Ru(0.9) / Co40Fe40B20(2.3) / MgO(0.85) /
Co40Fe40B20(1 - 2.3) / capping layer. The deposition pro-
cess was similar to the one used in our previous studies8,9.
After deposition, three different parts of the sample with
different FL thickness were selected for patterning into
nanometer size pillars (later in the paper referred to as
A1, A2 and A3, see Table I for details). In this paper
we focus mainly on the sample with 1.57 nm thick FL -
A2. Using a three-steps electron beam lithography pro-
cess, which included ion beam milling, lift-off and oxide
deposition steps, nanopillars with elliptical cross-section
of 250 × 150 nm were fabricated. The pillars were etched
down to the PtMn layer. To ensure good RF performance
of the device, the overlap between the top and bottom
leads was about 4 µm2, which resulted in a capacitance
of less than 1 × 10−14 F. The DC measurements were
conducted at room temperature with a magnetic field ap-
plied in the sample plane. The high-frequency measure-
ments were carried out using a Agilent N9030A spectrum
analyzer with built preamplifier. The MTJ bonded to the
high frequency chip carrier was connected to a bias-tee.
The DC signal from a sourcemeter was fed to the sample
through the inductive connector of the bias-tee, whereas
the spectrum was measured at the capacitive connector.
In this paper, the positive voltage denotes the electron
flowing from a bottom RL to the top FL favoring the
parallel alignment of the magnetizations.
Figure 1a shows the TMR loops for samples A1-A3,
with field applied along the in-plane easy axis of the MTJ.
The TMR decreases with decreasing FL thickness due
to reduced spin polarization of the tunneling electrons10.
Moreover, the magnetization of the FL is tilted out of the
film plane due to the perpendicular interface anisotropy
in thin CoFeB layer11,12 and therefore, at zero magnetic
field a full parallel state for samples A1 and A2 is not
achieved. The coercive field of about 100 Oe for sam-
ple A3 is reduced to zero for sample A113. Differential
conductance versus DC bias voltage was measured for
all samples using lock-in technique. The results are pre-
sented in Fig. 1b. The asymmetry between the thin
FL and the RL for samples A2 and A3 is observed in
comparison with symmetric A3 sample. This asymmetry
arises from a different band structures in the ferromag-
netic electrodes14.
Ferromagnetic coupling between the RL and FL stabi-
lizes the low resistance state of the MTJs at zero applied
magnetic field8,15. All samples exhibited clear current
induced magnetization switching measured for relatively
long current pulses of 10 ms. The absolute switching
current value needed to change the MTJ state from a P
to AP, measured with no magnetic field assistance, was
found to decrease with FL thickness due to reduced satu-
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FIG. 1: TMR vs. magnetic field (a) and differential conduc-
tance (dI/dV) vs. DC bias voltage at low-resistance state
(b) measured for samples with different FL thickness. Clear
asymmetry between CoFeB electrodes is observed in dI/dV
measurement for samples A1 and A2.
TABLE I: Summary of static parameters of the prepared MTJ
nanopillars.
Sample No. FL thickness TMR Ic P → AP
(nm) (%) mA
A1 1.35 50 -0.95
A2 1.57 100 -1.8
A3 2.3 120 -2.4
ration magnetization (volume) of the FL (Table I). The
sample spectra of A2 measured with no magnetic field
applied are shown in Fig. 2. Existence of the perpen-
dicular interface anisotropy in the FL results in non zero
angle theta between FL and RL magnetizations in a low
resistance state at zero magnetic field (Fig. 1) and there-
fore the STT precession is excited even at low DC bias.
An increase of the negative DC current of the polariza-
tion that favor the AP state (electrons flowing from the
FL to the RL) results in increased amplitude of the os-
cillations, that exceeds 10 nV/
√
Hz at 1.5 GHz and -1.7
mA. Further increase of the negative current magnitude
results in switching the MTJ to the high resistance AP
state, where peak of much smaller amplitude and wider
linewidth is observed.
Fig. 3 presents the STO amplitude, peak frequency
(f0) and linewidth ∆f versus DC bias current with no
magnetic field applied. Clearly, the oscillations for neg-
ative current favoring the AP state are more powerful
than for the positive one, favoring P state, however peak
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FIG. 2: Sample STO spectra of A2 measured at low-resistance
state and different negative current applied to the MTJ with-
out external magnetic field. Peak oscillation amplitude ex-
ceeds 10 nV/
√
Hz at -1.7 mA. Further increase of current
magnitude results in switching the MTJ to the high-resistance
state.
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FIG. 3: The DC bias current dependence of the amplitude
(a), peak frequency f0 (b) and linewidth ∆f (c). No magnetic
field was applied during the measurements. The dashed line
in (c) represents the linear fit to the experimental data for
positive Idc. Near the switching current (dotted line) both f0
and ∆f increase.
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FIG. 4: Peak frequencies for MTJs with different thickness
of the FL measured at low resistance state and Idc = -1 mA
without magnetic field applied.
at both current polarizations are visible due to a non zero
angle theta at zero field. The dependence of linewidth of
DC current is expressed as:
∆f =
σ
2pi
(Ic0 − Idc) (1)
where σ is the spin polarization efficiency and Ic0 is the
threshold current16. Extrapolating the ∆f at the damp-
ing side (when MTJ is in P state and current favors P
state) to zero Hz estimates the threshold current value
(dotted line in Fig. 3. Moreover, a rapid change both
in f0 and ∆f is observed near the switching threshold.
A similar current value was measured during the static
CIMS experiment. The switching voltage is much smaller
than the breakdown voltage, therefore we can induce
steady state precession without destroying the MTJ.
The peak frequency at constant Idc = -1 mA and (Hdc)
= 0 was found to increase with increasing FL thickness,
results are presented in Fig. 4. Increased anisotropy con-
stant results in smaller precession trajectories and there-
fore increased f0. It should be noted, that a sample-to-
sample distribution in both oscillation’s amplitude and
frequency is observed, mainly due to the size and shape
distribution during a nano-lithography process, however
the overall tendency is retained. For other samples with
thinner FL of 1.22 nm we were not able to observe any
oscillation in the measured bandwidth even with strong
magnetic field applied in-plane of perpendicular to the
sample’s easy axis. For sample A2 the oscillation’s am-
plitude is of the same order than the highest reported
to date5 exceeding 10 nV/
√
Hz. We conclude, that tak-
ing advantage of the coupling mechanisms in MTJs with
a thin MgO tunnel barrier in combination with perpen-
dicular interface anisotropy might enhance STOs perfor-
mance without the need of an external magnetic field
application.
In summary we have demonstrated an STO based on
an asymmetric MTJ, that is able to produce a microwave
signal without a need of the magnetic field applications.
Due to the ferromagnetic interlayer exchange coupling in
our system, the MTJ is in stable low resistance state at
Hdc = 0. Perpendicular interface anisotropy is thin FL is
used, to induce the magnetization precession at small DC
bias. The oscillation’s amplitude exceeds 10 nV/
√
Hz at
1.5 GHz and Idc = -1.7 mA.
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